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1. Introduction
Since the Anthropocene was conceptualized as a new
and distinct epoch of Earth history (Crutzen and
 Stoer mer 2000, Crutzen 2002), and more specifically
since it has been suggested and analyzed as a potential
formal addition to the International Chronostrati-
graphic Chart (and Geological Time Scale) (e. g. Za-
lasiewicz et al. 2008, Williams et al. 2011, Waters et 
al. 2014), as a distinct geological epoch and series to
succeed the Holocene (Waters et al. 2016), critics have
questioned both the concept in general, and its poten-
tial for such formalization.
Such critical examinations (e. g. Autin and Hol-
brook 2012, Finney 2014, Gibbard and Walker 2014,
Visconti 2014, Edwards 2015, Smil 2015, Walker et 
al. 2015, Braje 2016, Finney and Edwards 2016) are 
an essential part of the process of considering modifi-
cation of the International Chronostratigraphic Chart
and the Geological Time Scale upon which it is based.
This construct, enabling precise navigation, correla-
tion and communication within the 4.6 billion years 
of Earth history, may be considered the backbone of
geology; consequently, the process of adding to it, or
amending existing units, is justly a slow, incremental
and conservative process. Nevertheless, changes to it
continue to be made, whether these be boundary mod-
ifications, such as recently took place for the Quater-
nary Period (Gibbard and Head 2009), finer subdivi-
sions (currently in discussion for the Holocene Epoch:
Walker et al. 2012), or the construction of new units,
such as the Ediacaran Period (Knoll et al. 2006). Such
changes only come about after exhaustive analysis and
balanced discussion. Indeed, a number of established
units still lack fully agreed and ratified boundary def-
initions (see Gradstein et al. 2012).
The Anthropocene exhibits a number of distinctive
and novel features (Zalasiewicz et al. 2012), hence the
vigorous debate currently surrounding its possible
adoption as a formal stratigraphic unit. Even so, the
Anthropocene possesses many of the prerequisite
traits for formal stratigraphic recognition (Waters et 
al. 2016). If some of the arguments made against the
Anthropocene are established as convincing and un -
answerable, then they might indeed represent serious
barriers to formal inclusion into the Geological Time
Scale. But if the criticisms can be reasonably ad-
dressed, then doing so would demonstrate the viability
of potential formalization, following strict  adherence
to geological protocols.
Here we respond to the substantive published argu-
ments that are intended to dispute the formalization 
of the Anthropocene. We take the position (argued for
by Finney and Edwards 2016 and others) that formally
recognizing the Anthropocene as an addition to the
 Geological Time Scale must rely on the geological ev-
idence as the decisive factor. If progress is to be made
from the stratigraphic perspective, it is essential to
 disentangle the geological evidence from other ramifi-
cations, including societal ones. The objective of the
present discussion is to assess the case for the Anthro-
pocene as a bona fide chronostratigraphic unit.
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Abstract. A range of published arguments against formalizing the Anthropocene as a geological time unit
have variously suggested that it is a misleading term of non-stratigraphic origin and usage, is based on in-
significant temporal and material stratigraphic content unlike that used to define older geological time units,
is focused on observation of human history or speculation about the future rather than geologically significant
events, and is driven more by politics than science. In response, we contend that the Anthropocene is a func-
tional term that has firm geological grounding in a well-characterized stratigraphic record. This record, al-
though often lithologically thin, is laterally extensive, rich in detail and already reflects substantial elapsed
(and in part irreversible) change to the Earth System that is comparable to or greater in magnitude than that
of previous epoch-scale transitions. The Anthropocene differs from previously defined epochs in reflecting
contemporary geological change, which in turn also leads to the term’s use over a wide range of social and
political discourse. Nevertheless, that use remains entirely distinct from its demonstrable stratigraphic under-
pinning. Here we respond to the arguments opposing the geological validity and utility of the Anthropocene,
and submit that a strong case may be made for the Anthropocene to be treated as a formal chronostratigraphic
unit and added to the Geological Time Scale.
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2. Critiques and responses
Published concerns may be placed within eight cate-
gories, each of which we list as a heading below, along
with counter-arguments offered to each concern:
2.1 The term Anthropocene has
misleading implications
This criticism includes components that relate to the
definition of the Holocene, to the origin of the term
ʻAnthropoceneʼ outside of stratigraphy, to its imputed
faulty etymology, to the historical priority of the
ʻAtomic Ageʼ, and to the truncation of the Holocene.
We consider each of these components in turn.
2.1.1 Definition of the Holocene
Gibbard and Walker (2014) proposed that it is the
 “anthropogenic signature that is the hallmark of the
Holocene, setting it apart from previous interglacials,
and taken as a fundamental justification for its status
as a time-stratigraphic unit of Series/Epoch rank as it
is currently defined (Walker et al. 2009)”. Therefore,
there already exists a suitable geological term (i. e. 
the Holocene), an argument sometimes paraphrased 
as ʻthe human card cannot be played twiceʼ, with the
history of human impact itself commonly being seen
as one of ʻtransient states and multiple episodesʼ (see
Gibbard and Lewin 2016)
In response, we note that humans have been com -
ponents of the Earth System not only throughout the
Holo cene but also in the Late Pleistocene. Even so,
equating the Holocene with human influence is no -
where explicit within the formal definition of the
Holocene in the Greenland (NGRIP) ice-core, which 
is based upon the physical expression of a climatic
shift – notably changes in ice dustiness and deuterium
excess (Walker et al. 2009) – that is not attributed to
 anthropogenic activity. Following the phase of climatic
warming marking the end of the last cold episode
(Younger Dryas Stadial) of the Pleistocene, the Holo -
cene, for most of its duration, has been an interval of
relative stability for not only climate, but for most of
the fundamental Earth System parameters. This is not
to say that humans did not change the planet during the
Holocene: overwhelming evidence exists to show mil-
lennia of population growth and mounting technologi-
cal and cultural sophistication, all leading to long-term
anthropogenic environmental changes. Arguably, hu-
man influence may even have prolonged Holocene
conditions, if human activities were the main factor be-
hind the very gentle rise in atmospheric CO2 beginning
about 7000 BP from ~ 260 to ~ 280 ppm, a rise that may
have postponed a glacial inception (Ruddiman 2013,
Ruddiman et al. 2015, Ganopolski et al. 2016). Physi-
cal modifications were also made by humans to land-
scapes and terrestrial sediments, and these modifica-
tions spread slowly and diachronously across the ter-
restrial world over millennia (Edgeworth et al. 2015),
when the human population was much smaller than it
is now. These changes are quite different in magnitude
and rate to the larger-scale, in part novel and increas-
ingly synchronous changes of the last 1–2 centuries
(that also affect the marine realm: Wilkinson et al.
2014), with their marked upward inflection in the 
mid-20th century (Steffen et al. 2015a, 2015b, Waters
et al. 2016). Evidence in the sedimentary record now
clearly shows two distinct stratigraphic episodes since
11,700 years ago, one that might reasonably be de-
scribed as the Holocene (up until the mid-20th century)
and the other as the Anthropocene (since the mid-
20th century). The critical factor here is not the fact of
any human impact but fundamental differences be-
tween the Holocene and the Anthropocene as regards
the magnitude, rate, and global synchroneity of change
recorded in their  respective stratigraphic signatures.
2.1.2 Origin of the term ʻAnthropoceneʼ 
outside of stratigraphy
Finney and Edwards (2016) commented that “In con-
trast to all other units of the ICS chart, the concept of
the Anthropocene did not derive from the stratigraphic
record. It arose with Paul Crutzen (2002), a Nobel lau-
reate in chemistry”. This is an implied criticism that
Crutzen is neither geologist nor stratigrapher (see Stef-
fen 2013 for more detail). It arises from the assump-
tion that, because Crutzen focused on evidence from
the Earth System sciences rather than from the geolog-
ical sciences, the concept was not necessarily of strati-
graphic interest. Yet, this is not the case, as becomes
evident from exploring the history of the term.
The antecedents of the Anthropocene concept of
Crutzen (2002; see also Crutzen and Stoermer 2000)
arguably date from the beginnings of organized
stratigraphy (see Hamilton and Grinevald 2015), in the
form of Georges-Louis Leclerc, Comte de Buffon’s
“Seventh Epoch” of 1778, through to Antonio Stop-
pani’s late 19th century “Anthropozoic”, and the work
of Vladimir Vernadsky in the early to mid-20th century.
While these antecedents do not explicitly address 
the stratigraphic record, they recognize a significant
change within the narrative of Earth history. With re-
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gard to anthropogenically-influenced physical strata,
these too have been regarded for many years as dis-
tinctive geological deposits. For instance, Eduard
Suess (1862, 1897) mapped urban strata as a geologi-
cal unit (Schuttdecke), recording changes in the an-
thropogenic strata of Vienna, while Robert Sherlock
catalogued human impacts on a geological scale in his
book Man as a Geological Agent (1922). The history
of the Anthropocene concept is briefly outlined in
Steffen et al. (2011), whereas more exhaustive chron-
icles have been presented by Grinevald (2007) and
Hamilton and Grinevald (2015).
Nevertheless, it was long the case that most of the
geological community thought of the human impact on
Earth’s geology as trivial and fleeting by comparison
with large-scale geological processes acting over mil-
lions of years. That general opinion began to change in
the second half of the 20th century, when the magni-
tude of human-driven geological change became more
widely appreciated as of sufficient scale and persist-
ence to be reflected using geologically-based terms
such as the ʻAnthroceneʼ of Revkin (1992). This ob-
servation was crystallized within the Earth System
 science (ESS) community with the first utterance of
ʻAnthropoceneʼ by Paul Crutzen, after which the term
began to be widely used (see also Steffen et al. 2016).
Crutzen’s proposal, though coming from an atmos-
pheric chemist working within the ESS community,
was nevertheless proposed overtly to represent “the
present, in many ways human-dominated, geological
epoch” (Crutzen and Stoermer 2000). This in effect
represents a hypothesis, one that the Anthropocene
Working Group (hereafter AWG) is testing explicitly
in relation to formal stratigraphy (Waters et al. 2016
and references therein).
The assembly and consideration of evidence in-
volved in this process has modified and elaborated the
concept. For instance, Crutzen, working before much
of the geological evidence had been compiled, envis-
aged the Anthropocene beginning in the late 18th cen-
tury with the onset of the industrially-related rise of
anthropogenic CO2 concentrations, and this seemed
also the logical starting date following preliminary
 geological analysis (Zalasiewicz et al. 2008). Later, as
the stratigraphic information was assembled it became
clear that, while industrialization was an essential pre-
requisite for the Anthropocene, the array of resulting
stratigraphic signals only became sufficiently strongly
and globally expressed to serve as an effective bound-
ary marker in the mid-20th century (Waters et al. 2014,
2016, Zalasiewicz et al. 2015a).
2.1.3 Imputed faulty etymology
The Anthropocene has been said to be of ʻdubious
 etymologyʼ (Walker et al. 2015). Indeed, the term An-
thropocene was at least in part a spur-of-the-moment
improvisation by Paul Crutzen, then unaware that 
the limnologist Eugene Stoermer had independently
coined the term some years previously (Steffen 2013).
The term Anthropocene is therefore not a carefully
constructed neologism, in keeping with the reality that
geological time unit terms in general are not the most
rigorously constructed or consistent items of language.
For instance, to have the Silurian and Ordovician
named after obscure ancient Welsh tribes has no appar-
ent inherent logic from a stratigraphic perspective,
while the Quaternary continues as a formal unit de-
spite the fact that the Primary and Secondary have 
long fallen into disuse and the Tertiary is no longer an
official unit. The strict meaning of ʻAnthropoceneʼ in
the Greek (juxtaposing ʻhumanʼ and ʻnewʼ), rather
than being one that ʻmakes no sense at allʼ (Walker 
et al. 2015; see also Visconti 2014), is consistent with
the fact that the Anthropocene, in its stratigraphic
sense following Crutzen and Stoermer (2000), reflects
humans as the dominant force driving marked and
globally near-synchronous changes to some key Earth
processes, and is concordant with the ʻetymologically
curiousʼ but ʻpopularly embracedʼ (Gibbard and Le -
win 2016) use of the suffix ʻ-ceneʼ for all Cenozoic
epochs. This follows several millennia of significant
although diachronous and/or incremental human im-
pact that has been interpreted in terms of an informal
Palaeoanthropocene time unit  – explicitly not a
chronostratigraphic term of geology – by Foley et al.
(2013). It goes almost without saying that this domi-
nance is captured primarily within the sedimentary
record, and does not extend to igneous and metamor-
phic rocks; but, that was also the case with the origin
of most of the rock record that defines previous
epochs.
The Anthropocene is, in practice, a widely accessi-
ble term that evokes human change to the planet,
which grew exponentially as population rose past
1 billion in 1800 to 2.5 billion in 1950 and to 7.5 bil-
lion now. It has, in a short time, clearly become by far
the dominant term to describe recent human impacts.
Since 2000, the term has been used in more than 1300
scientific papers, which collectively have been cited
over 12,000 times (Fig. 1) and in many conference
 sessions in a diversity of disciplines. It has given rise
to at least four scientific journals and periodicals, is in
the title of more than 100 books, and frequently ap-
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pears in news stories. The term has entered the Oxford
English Dictionary and now is widely used and gener-
ally understood in wider discourse. It would make
 little sense to rename it into something envisaged to be
of greater etymological purity – even if such a name
could be composed and widely agreed. The Anthro-
pocene, whether or not it becomes formalized strati-
graphically, seems to be here to stay. Formalization of
geological usage would in these circumstances en-
hance stability of meaning and precision of scientific
communication.
2.1.4 The “Atomic Age” has historical priority
Finney and Edwards (2016) have suggested that “the
ʻAtomic Ageʼ has historical priority” over the term
Anthropocene. It is true that if the Anthropocene were
to be defined in 1946, then yes, the Atomic Age was
coined earlier (in 1946 in fact). But stratigraphic ter-
minology is not bound by the strict rules of priority
that apply to the nomenclatural codes for biology. 
The International Stratigraphic Guide (ISG, Salvador
1994) supports priority in general but states: “Priority
alone does not justify displacing a well-established
name by one not well known or only occasionally
used: nor should an inadequately established name be
preserved merely on account of priority (Salvador
1994, p. 23; also see p. 22). The”Atomic Age” neither
conveys the meaning of the Anthropocene nor is for-
mulated in a way that would make it acceptable to ISG
itself as a formal chronostratigraphic term.
2.1.5 Truncation of the Holocene
Stability is an important characteristic of the Geologi-
cal Time Scale, which has led the International Com-
mission on Stratigraphy to adopt a necessarily conser-
vative approach. With this in mind, Head and Gibbard
(2015, p. 24) noted that the Anthropocene defined at
the rank of series/epoch would truncate the Holocene,
which “has included modern deposits since its orig-
inal inception in the late nineteenth century (Gervais
1867–1869)”, and sever it from its traditional and his-
torical contexts. They also noted that such truncation
would require stratigraphers always to discriminate
Anthropocene strata, which would be impractical for
routine mapping and lead to the unwieldy term “Holo -
cene–Anthropocene” for these undifferentiated depo -
sits. Head and Gibbard (2015) noted that the Anthro-
pocene defined at the rank of stage, or even substage,
would obviate all these difficulties.
We acknowledge that the truncation of the Holocene
will cause some disruption. But this is true of any new-
ly or redefined boundary within the Geological Time
Scale. Examples include the lowering of the Pleisto -
cene Series boundary, which resulted in the transfer 
of the Gelasian Stage from the Upper Pliocene to the
Lower Pleistocene (Gibbard and Head 2009), and the
wholesale refashioning of the Ordovician System
(Webby 1998), which decidedly changed the character
of that system’s subdivision in order to produce a more
widely useful entity. The Ordovician, of course, has a
historical context even longer than that of the Holo -
cene. It might also be remembered that Gervais when
Making the case for a formal Anthropocene Epoch 209
Fig. 1. The history of the term Anthropocene by (A) publi-
cations using this term in title, abstract, or text), and (B) ci-
tation of these works, as of December 9, 2016 accessing of
the Scopus database (https://www.scopus.com/). Data are
extrapolated to the end of 2016 using linear regressions of
the 2013–2015 limbs of each graph. In (b), the score for h
(commonly: h-index) refers to the number of items tallying
h or more citations.
introducing the term Holocene in 1869 was living at a
time soon after the end of the Little Ice Age with
 environmental conditions occupying Holocene norms.
He could not have foreseen the unprecedented changes
occurring in the mid-20th century through anthropo -
genic forcing of the Earth System. It is also necessary
to consider the scope and magnitude of these changes.
They are significantly greater than the changes pro-
posed to subdivide the Holocene into subseries (Walk-
er et al. 2012), and it would therefore run counter to
 hierarchical logic to define the Anthropocene at a rank
lower than epoch/series. Finally, units of the Geologi-
cal Time Scale are defined only by their base. The top
of the Holocene is essentially undefined (or defined
only by default). Defining the Anthropocene at the
rank of series/epoch would not cause a change to the
existing formal definition of the Holo cene based upon
an abrupt shift in deuterium excess values in the
NGRIP ice-core (Walker et al. 2009). Indeed, defining
a base for the Anthropocene provides completeness for
our understanding of the Holocene, with both top and
base defined. Such closure hence may be considered
an advantage for the understanding of the Holocene,
both stratigraphically and conceptually. On a global
scale, this has been environmentally a highly stable
epoch, strongly contrasting with the Anthropocene, in
which a number of key planetary boundary conditions,
notably associated with the carbon, nitrogen and phos-
phorus cycles, are clearly outside the range of natural
variability observed in the Holocene (Waters et al.
2016).
As regards the related point raised concerning dis-
crimination of Anthropocene from Holocene strata in
geological mapping, we note firstly that the primary
units involved in such mapping are lithostratigraphic,
rather than chronostratigraphic; the two need not and
commonly do not coincide, especially as many litho -
stratigraphic boundaries are diachronous. For instance,
in the Lower Paleozoic rocks of the central Welsh
Basin, the Ordovician–Silurian boundary occurs with-
in a well-characterized lithostratigraphic unit, the
Cwmere Formation (Davies et al. 1997), and is typi-
cally recognized by the incoming of a particular spe -
cies of fossil graptolite, on the assumption that this
 appears at the same time in this basin as at the type
 section, Dob’s Linn in Scotland (Melchin et al. 2012).
To state that the Cwmere Formation is of Late Ordovi-
cian–Llandovery age is no less unwieldy.
More widely, it has long been, and remains the case,
that chronostratigraphic boundaries at any hierarchical
level can be difficult or impossible to locate precisely
in some rock successions. Hence, for instance, the
widespread use of ʻPermo-Triassicʼ for the poorly fos-
siliferous terrestrial successions of this age in the UK
and elsewhere, where the boundary – elsewhere one 
of the most striking in stratigraphy  – is difficult to
 pinpoint. The ʻPlio-Pleistoceneʼ, though no longer ad-
vovated since the lowering of the Pleistocene base,
 remains in use (e. g. Martinez-Boti et al. 2015), as do
the ʻCambro-Ordovicianʼ, the ʻSiluro-Devonianʼ and
other such combinations. Though awkward, these are
a pragmatic response to the patchiness of boundary-
defining evidence in strata, or simply used to refer to
a combined unit.
For the Anthropocene, one might argue that the
wide array of stratigraphic proxy data (Waters et al.
2016) that may be used to identify a post-mid-20th cen-
tury stratal unit in both terrestrial and marine succes-
sions, even far from direct human influence (e. g.
Wolfe et al. 2013, Smith et al. 2016) suggest that the
use of a ʻHolo-Anthropocene undividedʼ unit may in
fact be less needed in practice relative to the combina-
tion-terms for more ancient strata cited as examples
above. Ford et al. (2014) demonstrated how post-Sec-
ond World War anthropogenic deposits can be mapped
in Swansea, Wales, as a distinct lithostratigraphic (but
also chronostratigraphic) unit from earlier successions
associated with the Industrial Revolution, another
striking example being the proposed Teufelsberg for-
mation in Berlin (Zalasiewicz et al. 2016b).
2.2 The spatial and temporal scales 
of the Anthropocene are insignificant
and cannot be consistently
recognized or correlated
2.2.1 Spatial scales
Anthropocene successions are typically relatively thin,
and have been argued to be “effectively unresolvable in
most deep-sea settings” which represent a large fraction
of the planetary surface (Walker et al. 2015). Among the
concerns are: “Published logs with geochemical signa-
tures of human impact are at most a few tens of centi -
metres thick”, while the stratigraphic record has been
described as “minimal”, “negligible”, “marginal” and
“impoverished” (Finney and Edwards 2016), and there
ʻhas not yet been a major transformation of sediment
systems themselvesʼ (Gibbard and Lewin 2016). More-
over, given that the most robust body of evidence now
points to locating a potential Holocene–Anthropocene
boundary in the mid-20th century, the criticism has aris-
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Fig. 2. Examples of Earth System perturbations during the Anthropocene. (A) Log-log plot of atmospheric CO2 concentra-
tion versus time, modified from Falkowski et al. (2000) and Royer (2016). Despite its brevity, the magnitude of the CO2 per-
turbation that characterizes the Anthropocene (600 Pg C emitted to date) is intermediate between those of Quaternary gla-
cial-interglacial cycles and deeper time (e. g., the end-Triassic mass extinction and the Paleocene–Eocene thermal maxi-
mum); stratigraphic proxies for this perturbation include direct CO2 signals in polar ice, a marked carbon isotope anomaly
and globally distributed fly ash within recent strata (see Waters et al. 2016). (B) Estimated annual growth of greenhouse-gas
radiative forcing (RFGHG) between 1860 and 2010, based on five-year bins and data synthesized in the IPCC Fifth Assess-
ment Report (Myhre et al. 2013). Rapid acceleration of RFGHG growth characterizes the second half of the 20th century, as
do the important contributions from exclusively anthropogenic halocarbons, particularly between 1960 and 1995. Although
RFGHG growth rate has possibly stabilized in the early 21st century, it remains more than three times those of the pre-1950
interval. The atmospheric CO2 inventory continues to grow, however, at rates consistently surpassing 2 ppm yr–1. Superposed
on GHG radiative forcing growth are time-series of anthropogenic radionuclide activities (14C and 239+240Pu) derived prima-
rily from nuclear weapons testing, and providing robust independent stratigraphic markers for a mid-20th century onset for
the Anthropocene (Zalasiewicz et al. 2015a). PBq – petabecquerel, Fm – Fraction modern.
en that: “Locating a boundary at 1945 would be difficult
for anthropogenic isotope shifts in greenhouse gases
that have been rising for 100 years or more” (Finney
and Edwards 2016).
Anthropocene strata may be commonly thin, but they
nonetheless reflect a major Earth System perturbation,
are laterally extensive, and can include rich stratigraph-
ic detail (Figs. 2 and 3). Within sediment-starved or dis-
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Fig. 3. Geological materials recording the Anthropocene. (A–D) Lake sediments showing marked stratigraphic transitions
from inorganic proglacial sediments to highly organic non-glacial sapropel (arrows). In each case, the sedimentological
change reflects sediment starvation associated with the retreat of up-valley glaciers (Wolfe et al. 2013). Examples are from
southwest Greenland (A: Qipisarqo Lake, 61.01° N, 47.45° W), Spitsbergen in the Svalbard archipelago (B: Kongressvatnet,
78.01° N, 13.97° E), and the Canadian Rocky Mountains (C:  McConnell Lake, 51.63° N, 115.97° W; D:  Curator Lake,
52.80° N, 117.87° W). (E–F) Plastiglomerates from Kamilo Beach on the Island of Hawaii (18.98° N, 155.60° W), where
molten plastics (arrows) have fused basalt clasts and coral fragments (c in E) to form an assortment of novel beach lithologies
(Corcoran et al. 2014). A section of orange rope is evident in (F). (G–J) Beach facies off the Bilbao estuary, Cantabrian coast,
northern Spain (43.38° N, 3.02° W). (G) Overview of the Tunelboca beachrock (up to 12 m thick), which discordantly over-
lies Eocene sediments and comprises a carbonate-cemented admixture of slag and rubble dumped at sea between 1902 and
1995, and natural materials include calcareous bivalves (Irabien et al. 2015). (H) The Gorrondatxe beachrock, immediately
east of Tunelboca, has a thickness of 3–7 m that includes a well-cemented lower conglomeratic facies overlain by a more
weakly-cemented sandy unit, both containing rich arrays of anthropogenic technofossils. (I) Rounded and fragmented bricks
in the lower facies at Tunelboca, preserving inscriptions (Astibia 2012). (J) An extracted brick from the Tunelboca beachrock
conglomeratic facies. (K) A more recent brick and mortar assemblage from the overlying sandy facies at Tunelboca. (L) Plas-
tic sheeting within the upper Gorrondatxe beachrock.
tal marine basins, the thicknesses of sediments accumu-
lated during the Anthropocene are small, although in
some settings the marine record clearly reflects a unique
Anthropocene signature. For example, within the cen-
tral Santa Barbara Basin, varved deposits allow recog-
nition of a layer deposited in 1950, which occurs at
depths below seabed of 0.15–0.20 m, while deposits
from the last two millennia span only 2 m (Schimmel-
mann et al. 2013). In such a setting, the application of
accelerator mass spectrometry 14C activities coupled
with short-lived radioisotope inventories (137Cs and
210Pb), combined with varve studies and recognition of
geochemical signals, clearly allows the distinction of
Anthropocene strata within marine cores.
More widely, a clear Anthropocene imprint has been
demonstrated even in distal or slowly-accumulating
deep marine oozes such as those of the Arctic (Gobeil
et al. 2001). Any sample of these will now typically
contain microplastics (Ivar do Sul and Costa 2014,
 Zalasiewicz et al. 2016a and references therein), in-
clude detectable traces of artificial radioactive fallout
(Waters et al. 2015), and will also likely include the
spherical carbonaceous particles (of fly ash) that have
been found globally in terrestrial settings (Rose 2015).
Hence, while such distal deposits may be thin, and will
often be mixed at a centimetre to decimetre scale by
bioturbation with underlying sediments, they include a
recognizable and unique set of stratigraphic signals.
Anthropocene strata may be recognized as distinct 
in many lakes, based on a variety of criteria (e. g. Wolfe
et al. 2013; see Fig. 3A–D herein). Within four lakes
from Australia and New Zealand the Pu fallout signal
(Fig. 2) commencing in 1954–1955 (the first appear-
ance datum) is present within sediment profiles ranging
from 0.5 to 1.7 m thick (Hancock et al. 2011), with
 accumulation rates of up to 30 mm yr–1. Other Anthro-
pocene deposits of substantial thickness abound. In the
Clyde Estuary, Scotland, a 1954 datum is established
with the lowest occurrence of polychlorinated bi phe -
nyls in the UK, recorded in cores to depths of 0.6 m
(Vane et al. 2011). Considerably thicker successions
can be achieved where direct human placement of de-
posits is considered, e. g. the up to 70 m of waste accu-
mulated since 1947 in the Fresh Kills Landfill, Staten
Island (USA), with a peak influx of garbage reaching
29,000 tons per day (Nagle 2008). There, artifact ages
can clearly date the material deposited. The Teufels-
berg formation (sensu Scheffold 2014), one of the hu-
man-made post-war (1950–1972) debris accumula-
tions of Berlin, forms the highest elevation of the city
and is up to 80 m thick.
Very considerable changes can be seen, too, in fluvial
and coastal sedimentary successions markedly per-
turbed by landscape change and dam-building. For ex-
ample, Irabien et al. (2015) describe a coastal succes-
sion in the Basque region of northern Spain that is up to
12 m thick, was largely derived from the tidal and wave
reworking of iron slags, and includes brick and plastic
debris (Fig. 3G–L). On a larger scale, Wang et al. (2011)
described the fate of hundreds of cubic kilometres of
sediment (equivalent to a metre-thick deposit covering
areas of hundreds of thousands of square kilometres)
carried to the coast in just five Asian rivers (out of about
6250 major rivers worldwide). Sediment yield was first
enhanced over ~ 1000 years through landscape change,
then decreased dramatically as substantial sediment
masses accumulated behind major dams mostly built in
the last half-century. The large scale of this sedimentary
perturbation, and of the resulting deposits, reflects the
order-of-magnitude change of sediment erosion, trans-
port and deposition across the Earth’s surface driven by
human activities related to agriculture, construction and
mineral extraction (Wil kinson 2005, Hooke et al. 2012,
Zalasiewicz et al. 2016b).
Not all the signals that may be used to help to trace
an Anthropocene boundary within these deposits are
clear-cut. The (substantial) carbon isotopic shifts that
reflect the increase in greenhouses gases noted by
Finney and Edwards (2016) have indeed been chang-
ing for more than a century. Nevertheless, they show a
clear mid-20th century inflection (Waters et al. 2016,
Fig. 5C), and they are only one part of a wider array of
proxy signals (see below) that may be used to con-
strain a mid-20th century boundary.
2.2.2 Temporal scale
The critique related to the geological brevity of the
 Anthropocene so far has argued that “with 1945 as the
beginning, it would be a geologic time unit that pres -
ently has a duration of one average human life span”
(Fin ney and Edwards 2016).
Although much evidence points towards the mid-
20th century as the optimal beginning of any strati-
graphically defined Anthropocene interval (Wolfe et
al. 2013, Rose 2015, Waters et al. 2016), we emphasize
that where to place the lower boundary of the Anthro-
pocene has yet to be finalized. Thus the statement by
Finney and Edwards that “Zalasiewicz et al. (2015),
co-authored with 25 other members of the AWG, sets
a GSSA (Global Standard Stratigraphic Age) for the
Anthropocene as 1945” does not reflect that paper’s
actual content. The suggestion of using 1945 as a pos-
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sible lower boundary was not a formal proposal, being
clearly presented as a contribution to open discussion
about where, and how, the boundary might be placed.
Earlier start dates have also been seriously proposed
and, while remaining under consideration (Smith and
Zeder 2013, Ruddiman et al. 2015, Lewis and Maslin
2015), do not on current evidence constitute optimally
effective chronostratigraphic boundaries (Waters et al.
2014, Zalasiewicz et al. 2015a, b). Nonetheless, a low-
er boundary in the mid-20th century would confer upon
the Anthropocene a duration of ~ 70 years, which is
some two orders of magnitude shorter than the Holo -
cene, and indeed comparable to one human life span.
However, the key issue in determining whether or
not the Anthropocene has begun is not how long
epochs are, but whether the geological record that
 allows characterization and correlation of the Anthro-
pocene is already sufficiently distinct and whether 
its distinctive features and their stratigraphic conse-
quences will persist for at least many millennia. The
lengths of previously defined geological epochs are
highly variable, for example in the Cenozoic Era 
alone ranging from more than 20 million years for the
Eocene, to less than 12,000 years for the Holocene.
Beginning with the Pliocene, epochs become succes-
sively shorter. To a large extent this reflects the in-
creasing resolution of the geological record as one ap-
proaches the present, and a formally defined Anthro-
pocene would simply continue this trend – with the im-
portant caveat that there would have to be firm argu-
ments that the stratigraphic signals evident today (re-
gardless of the future trajectory of geological history)
will likely persist over geological timescales.
Put another way, the most important question with
respect to duration becomes: even if all anthropogenic
forcings ceased tomorrow, would the defining charac-
teristics of the present stratigraphic signal continue to
be detectable in geological strata? That is, in addition
to the unique attributes of the stratigraphic record al-
ready identified and documented, has the stratigraphic
record been set on an irreversible trajectory? The an-
swer is clearly yes.
For example Earth’s biota has already been trans-
formed irreversibly. As a result, the fossil signal – im-
portant in characterizing all of the past Cenozoic, and
earlier, epochs – is already, and will permanently be,
distinctly representative of the Anthropocene (Bar -
nosky 2014, Wilkinson et al. 2014, Williams et al.
2015, 2016). Distinctive fossil features include altered
biological communities evident in the form of biotic
homogenization caused by tens of thousands of spe -
cies being transported around the globe (McNeely
2001). It is observable in, for example, the nascent
 fossil record of shelly marine invertebrates in coastal
depositional environments, in fish faunas and inverte-
brates in many of the world’s rivers and lakes, and in
plant macrofossil and palynological records in terres-
trial basins of deposition. The presently accumulating
stratigraphic record is already reflecting such phenom-
ena as the large predominance of domesticated species
(especially livestock), elimination of large predators
from most terrestrial and many marine environments,
and widespread replacement of native floras with crop
or garden species (Williams et al. 2015, 2016). These
trends began thousands of years ago, but accelerated 
in rate and magnitude globally and recognizably in the
mid-20th century.
The elapsed and detectable stratigraphic changes
 associated with a possible base of the Anthropocene in
the mid-20th century are globally distributed and com-
parable to, or exceed in scale (Waters et al. 2016),
equivalent signals associated with the advent of the
Holocene and with those related to proposed subdivi-
sions of the Holocene (Walker et al. 2012). They rep-
resent a physical reality that is considerably more than
“minimal” or “negligible”. Observational records may
indeed have greater resolution than, and complement,
the stratigraphic record over the past few decades, but
the stratigraphic record is not “marginal” or “impover-
ished” particularly when compared directly with other
parts of the geological column. It is the diversity and
quantity of proxy signals within this stratigraphic
record, reflecting recent environmental change, that
are being collated by the AWG, as a prelude to the
preparation of a formal proposal on the Anthropocene.
Finally, geologically brief events can leave wide-
spread geological traces, such as the centimetre-scale
iridium anomaly present in a clay layer, the base of
which marks the K-Pg boundary, now recorded at
some dozens of localities around the world (Schulte et
al. 2010). The boundary clay was probably deposited
in days, typically as an exceedingly thin layer, but the
associated biotic turnover and crises in many groups 
of organisms was permanent. To date, 70 years for the
Anthropocene is a geologically brief duration so far.
Yet, 70 years after the K/Pg bolide impact, it would
have been clear to any hypothetical observer then pres-
ent that the world had undergone a radical biospheric
shift relative to its latest Mesozoic state. Although the
details, or even the broad brush, of what was to be-
come the new Paleocene Epoch, let alone the Paleo-
gene Period and Cenozoic Era, could not be foreseen
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at that point, the dramatic – and abrupt – change from
what had come before would have already been appar-
ent: much as where we stand today, looking back at the
typical Holocene. Such playful yet instructive analo-
gies for the Anthropocene are not limited to the Creta-
ceous; other pronounced boundaries in the Geological
Time Scale, such as at the beginning of the Eocene, are
owed to geologically brief events having protracted
and frequently irreversible consequences. We suggest
that, in these key regards, the Anthropocene is no dif-
ferent, rendering the “brevity argument” largely moot.
2.2.3 Anthropocene cannot be consistently
recognized or correlated
It has been suggested that the Anthropocene is not con-
sistently recognizable or is ambiguous in stratigraphi-
cal expression, with implications for its practicality in
correlation (Edwards 2015; see also Autin and Hol-
brook 2012). For instance, the Crawford Lake (On-
tario, Canada) example of Edwards (2015) shows a
sediment record spanning eight centuries, with the
 distribution of maize (Zea mays) pollen and corn smut
spores, both irregularly distributed through the core,
with several possible levels shown where an Anthro-
pocene boundary might be drawn. However, as is the
case for most sedimentary sequences associated with
any geological boundary, one would not expect all
proxies to precisely coincide with a given boundary –
just as the Rhuddanian/Aeronian stage boundary of the
Silurian (to take one of many examples) can be recog-
nized by certain graptolite species (Melchin et al.
2012), but not by using chitinozoans, the assemblages
of which are essentially unchanged across the bound-
ary (Vandenbroucke, pers. comm. 2016). With respect
to Crawford Lake, additional proxies not shown by
Edwards do indeed record marked changes in the
20th century driven by regional land-use changes (Ek-
dahl et al. 2004, 2007; Figure 4 herein), of comparable
or greater magnitude than those associated with maize,
which reflect sporadic occupation by pre-European in-
digenous peoples. Other proxies that might be recov-
ered from the Crawford lake strata (bomb-produced
radionuclides, or pesticide residues, or fly ash parti-
cles, or microplastics, for instance) would likely pro-
vide additional unambiguous evidence of stratigraphic
change ascribable to the Anthropocene.
Edwards (2015) also noted the complexity of An-
thropocene structures and sediments in time and space.
We agree that there is great complexity locally in An-
thropocene deposits, just as there is in some older de-
posits (for instance successions formed in caves, and
in ice-marginal or volcanic settings). Yet these older
deposits have not been excluded from stratigraphic
analysis because of their complexity.
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Fig. 4. Stratigraphic signals of the last millennium in Crawford Lake. The horizontal red line near the top is the ~ 1950 level,
marked by both lithological and biostratigraphic changes in available data. Modified after Ekdahl et al. (2004).
2.3 The Anthropocene is based upon
human observation rather than
geological evidence
2.3.1 Anthropocene as a product 
of the observational record
It has been suggested that “The concept of the Anthro-
pocene did not derive from the stratigraphic record”
and “The documentation and study of the human im-
pact on the Earth system are based more on direct
 human observation than on a stratigraphic record”
(Finney and Edwards 2016).
In exploring the Anthropocene concept, we have
been uniquely aided by the overlap of geological and
historical time and by access to detailed instrumental
records. However, we emphasize that it is the strati-
graphic, not the observational, case for the Anthro-
pocene that is being evaluated by the AWG, and that
this evaluation is centrally based on the accumulated
sedimentary record (Zalasiewicz et al. 2011). The
emerging evidence  derives from a range of strati -
graphic indicators that characterize a distinctive body
of strata. In addition to the many examples given
above, Waters et al. (2016; and see references therein),
discuss:
– a range of lithostratigraphic changes associated with
urbanization, agriculture, large-scale landscape mod-
ification, mineral extraction and other activities, pro-
ducing substantial sedimentary bodies that are al-
ready being delineated on geological maps
– a range of distinctive components, many novel,
within those strata, such as plastics (now widely
 dispersed in the sediments of both terrestrial and
marine realms, Fig. 3E, F and L), metals and novel
ʻgeomaterialsʼ such as concrete
– a wide range of chemical signals including those
 related to a perturbation of the carbon cycle that is
now likely larger than any other in the Quaternary
(atmospheric CO2 increases recorded in polar ice
strata (Fig. 2A), a substantial carbon isotope anom-
aly (Fig. 2B) – the Suess effect – recorded in organic
and carbonate sediment components)
– globally distributed fly ash in diverse sedimentary
successions)
– lacustrine records of a perturbation of the nitrogen
cycle larger and more abrupt than that of the carbon
cycle
– a range of persistent, widely detectable organic pol-
lutants such as pesticides, industrial chemicals and
products of waste combustion; globally distributed
artificial radionuclides (Fig. 2B)
– and a wide range of biological changes associated
with a sharply elevated extinction rate and trans-
global species invasions, the latter on a scale with-
out geological precedent.
Other indicators include substantial subsurface modi-
fications related to mining, drilling and other activities
extending to several kilometres below the surface.
Thus a host of signals represents direct geological ev-
idence of growing human impact as a key emergent in-
fluence on the course of recent Earth history. There is
no reason to treat these modern successions differently
than the rest of the geological column. Chronostrati -
graphy continues to the present, rather than stopping at
some arbitrary point in the geological past.
2.3.2 Are interpretive time scales necessary 
in historically recent time?
Critics of the formalization of the Anthropocene also
pose the question: “Why use interpretative time-scales
when direct observations are available?” (Finney
2014). Thus, if we can now observe and record the
global changes taking place, rather than infer them
from the geological record, why is the corresponding
stratigraphy still important and deserving of formal in-
corporation into the Geologic Time Scale? While it is
true that observational records are ever more detailed
and powerful as descriptors of Earth processes, the
 significance of the Anthropocene lies in the fact that
those observations and recordings are tied into, and
gain their context and meaning from, the entire history
of the Earth, as inferred from the stratigraphic proxies
preserved within rocks (and other geological archives
such as glacial ice). The stratigraphic proxies within
Anthropocene strata contribute directly to identifying
and calibrating this most recent phase of Earth history.
It is the comparison of the nature and rate of change 
of these proxies with those in earlier geological time,
as codified in the Geological Time Scale, that enables
assessment of the Anthropocene on a planetary scale.
2.3.3 Does the Anthropocene represent geologic
or historic time?
The answer is both. The Holocene and its antecedent,
the “Recent” as defined by Lyell, has always included
the present. The Holocene Epoch is a formally recog-
nized geochronologic unit defined currently only by its
base. Geological time by implication therefore extends
to the present day. The Anthropocene, in comprising
the last ~ 70 years of what is presently the Holocene,
occupies the overlap between geological, historical
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and instrumental time. This unique feature of the An-
thropocene allows, and indeed logically demands, that
geological, historical, and instrumental evidence be
tightly interlinked.
2.4 Chronostratigraphic units need not be
linked to major Earth System changes
It has been observed that “.. . many, if not most, of the
ratified GSSPs are at stratigraphic levels that do not
 represent major changes to the Earth System, whether
geologic or biologic. For example, the bases of the Or-
dovician, Devonian, Carboniferous, and Permian sys-
tems are placed at the lowest occurrences of single grap-
tolite or conodont species” (Finney and Edwards 2016).
This contention may be true of many stages/ages, 
but it misses an important facet of the formulation of
chronostratigraphic units. The criteria used to justify
why one system, series or stage is different from anoth-
er, and warrants a distinct name, is not simply a case of
the new appearance of, for example, a single distinctive
fossil taxon: if so, there would be a plethora of chrono -
stratigraphic units coinciding with such events. More
commonly, although the lowest occurrence of a single
taxon or other stratigraphic marker is typically speci-
fied as marking a chrono stratigraphic boundary, con-
temporaneously there are fundamental changes to biot-
ic assemblages as a whole, and/or to ocean and/or at-
mospheric chemistry, and sometimes even to continen-
tal configurations and oceanic circulation. More rarely,
as in the case of the Cretaceous–Paleogene boundary
(Molina et al. 2006), the biotic changes reflect over-
whelming extraterrestrial influence.
For instance, the GSSP for the  Permian System,
 located at Aidaralash Creek, northern Kazakhstan, is
placed at the lowest occurrence of the conodont Strep-
tognathodus isolatus (Davydov et al. 1998). But the
recognition of the Permian System is a reflection of a
transition to an arid climate, reduction in coal swamps
and development of major evaporites. In fact, Murchi-
son (1841) originally defined the base of the Permian
in the Ural Mountains, Russia, to coincide with strata
marking the onset of evaporite deposition.
Likewise, arguments against the Anthropocene have
advanced as follows: “The evolution of vascular land
plants and their spread across the continents from late
in the Devonian to early in the Permian completely
 altered Earth’s surface, left a significant stratigraphic
record, and dramatically altered CO2 and O2 concentra-
tions in the atmosphere and oceans to extents far be-
yond what humans are projected to do (Berner and
Canfield 1989, Berner 1998). Yet there is no drive to
name a unit in the ICS Chart that formally recognizes
that profound and irreversible change to the Earth Sys-
tem” (Finney and Edwards 2016). Such arguments
miss a key connection between stratigraphic change
and Earth System change. In this case, the Carbonifer-
ous is named after the coal deposits that resulted from
the vegetational change that was triggered by an Earth
System change and in fact does “formally recognize
that profound and irreversible change to the Earth
 system”  – even to the extent of inserting the plant-
produced carbon into the name of the unit. This case
also illustrates the problems that can result when sin-
gle-species appearances are considered independently
from the processes that drive the biotic reorganizations.
It is true that the base of the Carboniferous System 
is currently defined in a GSSP in Montagne Noire
(France) by the lowest occurrence of the conodont
Siphonodella sulcata (Paproth et al. 1991), and that the
characteristic diversification of land plants does not
form an intrinsic part of that formal definition. Howev-
er, subsequent investigations have identified  serious
problems with this boundary, leading Davydov et al.
(2012) to state “all these new data result in issues that
affect not only the Carboniferous time scale but also 
the GSSP concept”. The second revision of that GSSP
is currently the focus of a new international working
group, and strong consideration is being given to bas-
ing the boundary on the global Hangen berg Crisis
(Becker et al. 2016). During that event, complete
ecosystems were destroyed (e. g., all reefs and early
forests) or profoundly modified (e. g. the lowland ter-
restrial ecosystems and the outer shelf marine habitats),
with the major biotic overturn instigated by sudden
 climatic changes, sea-level fluctuations, and the spread
of hypoxia/anoxia during a short-lived change from
global greenhouse to icehouse conditions (Becker et 
al. 2016). Such a fundamental Earth System event and
its attendant stratigraphic signals would appear to be
better suited to position the base of such a significant
interval of Earth history than the evolution of a single
conodont species, the nature and location of which
have proved problematic.
2.5 Chronostratigraphic units should not
be defined solely by their beginning
It has been suggested that: “Regrettably, focusing on
the definition of the beginning of the Anthropocene
can result in the lack of consideration of its stratigraph-
ic content and its concept. It conveys the opinion that
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units of the Geologic Time Scale are defined solely by
their beginnings, rather than their content” (Finney
and Edwards 2016).
This statement seems to refer to a publication (Za-
lasiewicz et al. 2015a) suggesting a mid-20th century
beginning for the Anthropocene. However, that paper
clearly referred to stratigraphic content both below and
above any proposed boundary, an approach that was
further developed in Waters et al. (2016) in order to
show the stratigraphic trends and patterns of the An-
thropocene in the context of centennial to multi-mil-
lennial scales, without a priori consideration of where
the boundary should be placed. The focus on defining
the base of a chronostratigraphic unit is a fundamental
aspect of the GSSP approach. All chronostratigraphic
units, to become formalized, require definition of their
base and so the approach taken by the AWG does not
differ from that taken elsewhere in the geological
 column. That the GSSP approach does not give ade-
quate consideration of the content of the unit com-
pared with ʻbody stratotypesʼ is a criticism that has
 resulted in the suggestion to consider ʻ unit stratotypesʼ
(Hilgen et al. 2006). Despite the problems intrinsic to
the GSSP approach, as outlined by Smith et al. (2014),
we agree that this is the approach within which any
proposal has to be formulated.
2.6 The Anthropocene is in large part
dependent upon future scenarios
2.6.1 The Anthropocene is based upon predictions
This concern has been expressed as if the stratigraphic
records of the Anthropocene “are based on predictions
that might appear in the future” leading to the infer-
ence that “it is the present and future versus the past.”
(Finney and Edwards 2016).
We note here that the case being made for the An-
thropocene rests solely on evidence documented within
existing strata that represent past events, as it must. De-
posits representing the Anthropocene, such as ʻmade-
groundʼ, are not imagined future deposits, but existing
physical units that can be depicted on geological maps
both of the past (e. g. Suess in 19th century Vienna) and
the present (British Geological Survey maps).
With respect to the geological longevity of these
elapsed events, Anthropocene deposits have similar
preservation potential to the strata of the Holocene, and
indeed to the strata representing all other epochs. Many
terrestrial deposits, especially of upland areas, will be
eroded, while a large part of the marine record will be
preserved. In the intervening coastal realm, deposits on
subsiding crust (e. g. many large delta tops) have con-
siderably better preservation potential than those on
long-term tectonically rising crust. Many Anthropocene
markers in the geological record are likely to be even
longer-lived and more evident than key markers for
 other geological units. For example, the Greenland and
Antarctic ice sheets, which include excellent high-reso-
lution records for both the Pleistocene and Holocene
(and, on Greenland, include the Holo cene Series GSSP
and prospective Middle Holocene Subseries GSSP),
will be geologically relatively short-lived even if hu-
man-driven global warming is arrested. Erosion of most
 unmodified Holocene deposits will result in geological-
ly unremarkable successor (derived) deposits, whereas
erosion of many Anthropocene terrains, especially the
many thousands of square kilometres of urban and agri-
cultural areas (among the regions where Holocene de-
posits have already been extensively reworked) will
produce deposits that have distinctive lithological and
geochemical features reflecting the extensive novel
 materials being eroded (e. g. Poirier et al. 2011).
2.6.2 The major anthropogenic impacts 
may lie ahead
A related argument has been formulated as follows: we
do not know the full extent of anthropogenic impact;
more serious impacts lie ahead, that may lead to era-
scale change (Gibbard and Lewin 2016) and thus it is
better practice to wait until the full effects are clearer
(Wolff 2014, Smil 2015).
Waiting until fuller effects become clear would be
in essence an appeal to the future, a path we are trying
to avoid in documenting extant geologic evidence 
for an Anthropocene epoch. Recently elapsed (and in
part irreversible) changes already imprinted on the
stratigraphic record provide reasonable evidence that
epoch-scale change has now taken place (Waters et al.
2016). This change, encapsulated in the term ʻAnthro-
poceneʼ, already forms part of current debate and
study in the Earth sciences and in other disciplines. As
a geological entity, the Anthropocene epoch possesses
both a narrative and a stratigraphy commensurate with
prior subdivisions of Earth history: major changes in
planetary dynamics have occurred, and their geologi-
cal legacy has been identified as a suite of materials
that can be mapped and correlated.
2.6.3 Future natural events may be 
of greater magnitude
A further variation of this critique is: The effects of
 human-made changes to the stratigraphic record may
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be easily obliterated by subsequent larger events, such
as volcanic outbursts or asteroid impacts (Visconti
2014).
Again, this is an appeal to the future consequences
of possible trajectories of Earth history rather than to
geological evidence. The Geological Time Scale is
constructed from well-characterized stratigraphy to
provide utility for the current generation of geologists. 
In any case, taking the critique at face value, even
 cataclysmic events such as an asteroid impact or super-
volcano eruption will be highly unlikely to obliterate
any existing stratigraphic record of global extent, in-
cluding that of the Anthropocene.
Thus, in the Phanerozoic, only one isolated asteroid
is known to have markedly changed the course of
Earth history, when it hit the Yucatán Peninsula
 (Mexico) to precipitate termination of the Cretaceous
(Schulte et al. 2010). Smaller events, such as the
Miocene Ries impact crater in Germany (Stöffler et 
al. 2002), seem to have had only regional effects. Vol-
canic activity on various scales will occur in the future
as it has occurred in the past, up to and including su-
per-eruptions such as those at Yellowstone, and Large
Igneous Provinces, capable of altering climate and
ocean chemistry. They can create their own history, 
but do not necessarily ʻobliterateʼ previous histories.
The converse often occurs: examples of histories spec-
tacularly preserved by volcanic outbursts include the
Silurian Herefordshire lagerstätte (Briggs et al. 2016),
some of the earliest conifers with preserved vascular
structure in the Carboniferous (Galtier et al. 1992),
fossil Eocene wood in kimberlites (Wolfe et al. 2012),
Miocene vertebrates entombed in Yellowstone-de-
rived distal ash layers (Voorhies and Stover 1978), and
indeed Pompeii and Herculaneum in Roman times.
2.7 The Anthropocene lacks utility 
as a stratigraphic term
This criticism has been expressed as follows: it is un-
clear how demarcation of the Anthropocene enhances
our understanding of the anthropogenic record (Walk-
er et al. 2015).
The Anthropocene, as proposed by Crutzen and
Stoer mer (2000) and characterized stratigraphically by
Waters et al. (2016) and in allied publications, repre-
sents a distinct, major and (in important respects) irre-
versible phenomenon: a marked change in the Earth
System with a distinctive stratal record. As such, the
term Anthropocene helps enable wide and effective
communication of this concept and of the material
record. Consistency of communication would be
helped by precise definition of the term, and becoming
part of the International Chronostratigraphic Chart
would stabilize its meaning yet further.
For the geological community, a key consideration
in formalization of the Anthropocene is stratigraphic
reality and distinctiveness, and in this respect we sug-
gest that a good case can be made. Recognizing the
Anthropocene formally communicates the reality of
the present phase of geological history and process;
conversely, not doing so masks an event in Earth his-
tory of a magnitude at least equal to the changes that
triggered many previous transitions from one epoch to
the next. This event is most clearly, globally and syn-
chronously expressed from the mid-20th century on-
wards, and characterizing such a stratigraphic Anthro-
pocene – whether formal or informal – would seem to
serve the purpose of facilitating precise communica-
tion within the Earth and related sciences. The term is
indeed already widely employed, and formalization
may have the advantage of facilitating more precise
usage.
2.8 The Anthropocene is a political 
or cultural rather than scientific
construct
2.8.1 The Anthropocene is a historical event
This concern has been expressed as “The Anthro-
pocene is a unit of human history, not Earth history”
(Finney 2014) and is therefore “of similar character to
the term Renaissance” (Finney and Edwards 2016).
This is an important point because it highlights the
fact that different people use the term “anthropocene”
(lower-case) in reference to entirely different con-
cepts. The significance of the ICS International Chro -
nostratigraphic Chart is that it provides an unambigu-
ous definition of the geological column, and provides
a common language that scientists can use consistent-
ly. This emphasizes the importance of clearly defining
what (upper-case) “Anthropocene” means in a strict,
geological (and Earth System) sense and contrasting
that with more general usages. By comparison, the
Renaissance represents a series of changes exclusively
in human culture and history, starting in Italy, then
spreading throughout much of Europe. Its discussion
and study is detached from geology and from wider
changes to the Earth System occurring at the time or to
any distinctive stratal signatures then produced. The
stratigraphic Anthropocene, in contrast, is founded on
substantial changes to the Earth System that are re-
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flected by an array of stratigraphic signatures, as noted
above and elaborated elsewhere (e. g. Waters et al.
2016). It so happens that the bulk of this change is cur-
rently human-driven, but if exactly the same changes
had been produced not by human action, but for exam-
ple by actions of some other species, by the effect of
extraordinary volcanic eruptions or bolide strikes, or
by some other means, then the geological justification
would remain unchanged.
Similarly, the Atomic Age (see Finney and Edwards
2016) is a term coined to describe the beginning of a
particular phase or mode of human history, with an ac-
cent first on military capabilities, with later emphasis
on possible civilian uses of nuclear power. The signif-
icance to stratigraphy is via the resultant global, pre-
cisely correlatable signal within sediments worldwide
(Waters et al. 2015), largely from atomic bomb tests
(e. g. sediment inventories of 14C, 137Cs, 239+240Pu and
241Am). This is arguably a sharper signal than those
 directly provided by larger drivers of current strati-
graphic change (e. g. carbon cycle perturbation), but 
it does not follow that it should be adopted for the
name of the time interval, any more than the akido-
graptid graptolites chosen to define the base of the
 Silurian Period (Rong et al. 2008) should be used in 
re-naming that period.
2.8.2 The Anthropocene is a cultural 
diachronous event
The concern has been further developed: “Further-
more, it would be contrary to define its (the Renais-
sance’s) beginning at a single point in time because it
is a cultural movement that is not tied to a single date.
The same is true of the Anthropocene.” (Finney and
Edwards 2016).
Most GSSPs have been chosen strategically at
points that are part of some complex evolving contin-
uum, which in reality was not tied to a single date or
place. This is no different from, for example, propos-
ing to  select the start of the Renaissance at year 1401,
when Lorenzo Ghiberti beat Filippo Bru nel leschi to a
contract to build bronze doors for the Florence Baptis-
tery (Walker 2003). For instance, the base of the Cam-
brian was chosen at a rock stratum where a particular
type of burrow (named Treptichnus pedum) was con-
sidered to first appear in a rock section in Newfound-
land (Landing 1994). This represents the origin of an
important general phenomenon (bioturbation of the
sea floor) – but it only generally represents this phe-
nomenon, as T. pedum (which is not unproblematic
taxonomically) represents only one component (and
not even the earliest) of an evolving plexus of burrow-
ing organisms that lived during the late Ediacaran and
 early Cambrian, so that its appearance can at best only
represent its earliest immigration to that specific local-
ity on the former sea floor. In that case, the inference
was made prematurely because T. pedum was subse-
quently found lower in the section, although the GSSP
remains where it had been originally sited. At the Sil-
urian GSSP at Dob’s Linn in Scotland, the GSSP is
marked where the planktonic species Akidograptus as-
census was first found in the section (Rong et al.
2008). Again, this is a local immigration, albeit of an
oceanic organism that was part of an evolving lineage
of which only parts have been captured worldwide. Yet
in practice, both of these GSSPs continue to function
reasonably well despite these limitations (although see
Babcock et al. 2014). As documented so far in the
peer-reviewed literature (e. g. Wolfe et al. 2013, Rose
2015, Waters et al. 2016), the large array of widespread
stratigraphic indicators associated with the Anthro-
pocene is likely to allow  adequate definition and cor-
relation of a chronostratigraphic boundary: one that
represents the most abrupt and widely correlatable
event in a continuum of human influence on the Earth
System – no less effectively, indeed, than the defini-
tion of earlier epochs by their  corresponding indica-
tors.
2.8.3 The Anthropocene is a political statement
Whether the Anthropocene is political or scientific has
been most expressly questioned by Finney and Ed-
wards (2016), for instance when stating that “the drive
to officially recognize the Anthropocene may, in fact,
be political rather than scientific”; and “we address the
question of whether or not the International Commis-
sion on Stratigraphy is being asked to make what is in
effect a political statement”. Closely related to this is
the suggestion that the Anthropocene is a phenomenon
not of geology but of pop culture (Autin and Holbrook
2012).
While the Anthropocene as a term cannot escape
ʻpublic and political resonanceʼ (Gibbard and Lewin
2016), it is essential that the case for a formal strati-
graphic Anthropocene unit rests upon stratigraphic
 evidence, as explained throughout this article. The
 exceedingly wide array of stratigraphic signals under-
pinning it demonstrates that it encompasses a real and
distinctive time interval recognizable by its stratigra -
phic record.
Indeed, much of the controversy about whether
defining the Anthropocene is scientifically and strati-
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graphically based or political is driven by the impreci-
sion with which the term is used by various communi-
ties. Thus, it is important to specify what the term
means precisely in the context of its geological usage –
whether or not the ultimate decision is to formally rec-
ognize the Anthropocene as an epoch.
It is clear that many of the phenomena connected
with the Anthropocene are of societal, and hence polit-
ical, importance. However, this does not mean that
they cannot be treated objectively and scientifically
analyzed, within the appropriate – in this case formal
stratigraphic – framework.
2.8.4 Humans are not alone in affecting 
the environment
A related criticism has been made: “All organisms im-
pact the environment, so it is anthropocentric to sug-
gest that we are special” (Walker et al. 2015, Baskin
2015) in this regard.
All organisms alter their environments, and in some
important ways it is the activities of some of the sim-
plest organisms that have the most fundamental influ-
ence: earthworms move very large amounts of soil, for
instance, and microbes are centrally involved in the
geochemical cycles that maintain the Earth System. In
this context it is the scale, nature, pace and novelty of
human impact that is significant to the Anthropocene,
and not the fact that humans are currently the main
driving force of change. The rapid, major perturba-
tions to the geochemical cycles, biological communi-
ties and sedimentation as detailed above represent
 important events on the planetary scale, regardless of
cause. Indeed, if this same array of phenomena had
some cause other than human impact, its importance to
stratigraphy would be no lesser – but it may have been
in some ways easier to analyze and categorize.
3. Outlook
The Anthropocene Working Group, of which all au-
thors of this article but one (FG) are members, has
 carried out an initial exploratory phase of its analysis,
in collating evidence from various sources to assess
whether a case can be made to justify a formal pro -
posal to add the Anthropocene to the International
Chro nostratigraphic Chart. This evidence, outlined in
a number of publications since the establishment of the
AWG (see Waters et al. 2016 and references therein)
was considered sufficient by the AWG to allow the
construction of a formal proposal, on which work is 
now in progress. This analysis, though, has attracted a
range of commentary, including some criticism. Here
we have taken the opportunity to summarize our re-
sponses to arguments that have been made against the
Anthropocene as a potential formalized unit in chro -
nostratigraphy/geochronology. We see this process of
appraisal of and response to such commentaries as a
fundamental part of the process by which the AWG
can more effectively build a case for formalization.
Critical commentary has been helpful in guiding the
research activities of the AWG. One of the clearest
 examples of this relates to the suggestion in Zala -
siewicz et al. (2015a) that a GSSA of 1945 for the start
of the Anthropocene may provide a practical solution.
Subsequent commentary has clearly indicated that the
stratigraphical community in general, but ICS in par-
ticular, prefer the AWG to follow a GSSP route as is
the most familiar and widely accepted method of
defining geological time units. Hence, work is begin-
ning to identify and select candidate GSSP sites in
likely sedimentary or novel environmental settings
(such as anoxic marine basins, lakes, polar ice, annu-
ally banded corals, speleothems, tree rings and so on).
The process of investigating the nature of proxy sig-
nals within these environments is anticipated to greatly
improve our understanding of the expression of the
Anthropocene as a globally correlatable event. Once
this work has been completed, in the next few years, 
it is planned to make a formal proposal regarding the
Anthropocene, to the Subcommission on Quaternary
Stratigraphy and, if approved by that body, to the full
ICS and then the Executive Committee of the IUGS.
4. Conclusions
The Anthropocene, as an emerging concept in strati -
graphy, has attracted much discussion, including a
body of critical commentary. That commentary re-
quires careful consideration as part of any process of
potential formalization. Accordingly, the major criti-
cisms of a formalized Anthropocene are analyzed here.
Once certain misunderstandings are clarified, we show
that none of the criticisms as proffered provides signif-
icant geological basis for denying its incorporation
into the Geological Time Scale.
On the contrary, a good case can be made that the
character and scale of its extant stratigraphy already
warrants recognition of the Anthropocene as a formal
unit of the Geological Time Scale, and work is pro-
ceeding to prepare a formal proposal.
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